The goals of this research were to identify and describe the HTM sector in Warsaw and to indicate which part had the highest market potential. The article presents the results of a multidimensional and multi-criteria classification analysis. The segmentation analysis performed made it possible to extract the most distinguished subgroups of the HT population. Particular attention was paid to the HTM exporters (HTME) group, which was identified as the most promising group of companies in the HT sector. The description of the HTME subgroup paves the way for further research with the criteria of differentiating and strengthening internal development in the HT population.
Introduction
The analysis presented in this paper on the hightechnology manufacturing (HTM) sector in Warsaw was undertaken as a part of the "Warsaw Entrepreneurship Forum" 1 project.
The basic classification of the high-technology (HT) industry, in terms of its technology level, divides it into four categories: high technology, medium-high technology, medium-low technology, and low technology [22] . The HT sector is important to the economy and has a significant impact on the nature and pace of economic growth in developed countries.
Business activity in the area of high technology 2 refers to the areas of manufacture, services, and products, which are highly science-intensive, that is, they are characterized by a high level of "science intensity." The latter manifests itself in the high values of two parameters: R&D intensity (calculated as the ratio of expenditure on R&D in relation to sales 1 The European Project is entitled "Stołeczne Forum Przedsiębi-orczości" (Warsaw Entrepreneurship Forum) -"Development, promotion and pilot implementation of new methods of collaboration between the Warsaw authorities and businesses in order to ensure efficient management of economic change." Cofounded by the EU under the European Social Fund, agreement No. UDA-POKL.08.01.02-14-137/11. 2 In this article, the expressions "high-tech" and "high technology" are used synonymously, as well as represented by the abbreviation HT for the whole sector.
achieved by the company called) and the presence of scientists and engineers in the staff [7, 9, 15, 16, 19, and 20] .
A major distinction splits the HT sector into two groups: manufacturers and service providers. Hightechnology Knowledge-Intensive Services (HT_KIS) are as follows: motion picture, video, and television production, sound recording, music publishing, programming and broadcasting, telecommunication, computer programming, consultancy and related services, information services, and, finally, scientific research and development. However, the HT service group is not the subject of this study. This study focuses exclusively on the HT manufacturing (HTM) branches, which are electronics, pharmaceuticals, aviation, and spacecraft.
Statistics confirm a strong and growing position of the HT sector in the overall market, as well as in industrial production. Its share in added value of the manufacturing industry 3 indicate that while the global index of growth in industrial production in this period remained at the same level, the analogous rate for branches of the HT industry increased by 26% [11] . The clear decrease in production during the peak period of the economic crisis, which fell between Q1_2008 and Q2_2009, affected HT production much less than other branches (decreased by 10 percentage points, and not by 20 percentage points, as in the case of the whole industry). The growth in sold production in the HT sector is primarily due to large increases in production in the pharmaceutical sector (~3.2% annually) and, above all, in the aviation and space industry sectors (~5% annually).
What is interesting is that Eurostat reports the average annual production growth rate in the groups of industry specified in terms of technological level (low, medium-low, medium-high, and high) disaggregated into particular member states. In this list, Poland fares very well, registering the second-best result (after Estonia) in the HT sector: +14.5% annually in the period 2005-2011 (the EU average is 3.3%). This will not change the fact that Poland's share in the EU production of HT goods does not exceed 2% (1.7% in 2010), and reaches only 6.7% (2013) in export. Whereas, the average for EU-27 is 15.3%, and leaders (including the aforementioned Estonia) achieve the value of this share in the 15%-20% range [11] .
Although statistics is collated and research is conducted on the HT sector, the definition of this term continues to be rather ambiguous [1, 8, 9, 20, 28] . The boundaries between sectors in the economy gradually disappear in the process of "industry convergence," which also affects one of the most important HT industries: pharmaceuticals [6] .
There is an ongoing debate on the question of the criteria under which companies can or cannot be considered as belonging to the HT industry [28] . ties, when in fact it can be very varied and uneven in terms of market potential and development stage.
An important consideration here is the accelerating trend towards the reindustrialization of cities, which has also reached the capital of Poland [12, 31] . The "purity" of technologies that come under the "high-technology" heading has a beneficial effect on the increase of employment rates among the most highly skilled workforce, and especially amongst young people. This is a strong case for an active reindustrialization policy with respect to the development of the HT sector in metropolitan areas.
An incentive here is the fact that the sector already has a significant presence in Warsaw, which is particularly visible in the central districts of the city. All this creates a chance of dynamic development in this direction for other city districts, and provides an opportunity for those enterprises that see their opportunity for market expansion in the revival of production (rather than in the services sector only).
The latest publications focus on this sector of the economy as the subject and object of a new wave of industrial revolution leading to the popularization of the Industry 4.0 environment [13, 14] . Small and medium HT entrepreneurs will create quick and geographically proximate solutions, which will be immediately used by large companies to produce a short series of customized products ideally suited to individual needs. Therefore, the first objective of the present research was:
O1: To classify the characteristics of the Warsaw population of HTM companies.
Given the above, the scope of this study is to explore the criteria that identify the HT sector companies that have a positive impact on the economy. This is reflected in the layout of this article, which begins with a review of literature on the characteristics of HT producers. Then, the methods and tools used in the study are described, as well as the results of research and its discussion are explained. In conclusion, further research directions are indicated. Classification of manufacturers into the HT industry may be done based on affiliation to a sector of the economy (sectorial approach) or goods produced by them (product approach) [22, 27] . According to the sectorial approach, the HT production category now includes companies that declare their main activity in any of these three kinds of production: pharmaceuticals, electronics, and air and spacecraft.
On the other hand, in the product approach, there are nine groups of goods that are a result of the production processes: aerospace computers and office machines, electronics/ telecommunications, pharmacy, scientific instruments, electrical machinery, chemistry, non-electrical machinery, and armament.
Factors characterizing the HT sector are discussed in the literature. Among them, the high level of the innovativeness of processes or final products is highlighted as well as the fact of stable, well-paid job creation for highly skilled workforce [1, 2, 21, 29, and 30] . These are highly productive and competitive companies [2, 20, 21, 29, and 32] that raise the technological level in the entire economy [18, 26] usually having extremely short product lifecycles [28] and cooperating with science. The high market and investment risk in the sector is compensated by a potential profit from successful investment and a long-term benefit for the market and economy [20] . Moreover, irrespective of the selection criteria used, HT companies provide an excellent space for research on the latest trends in technology, management, and marketing [25, 33] .
While searching for the criteria that distinguish HT companies, a high propensity to export appears often in the research results [4, 5] . A popular argument is that firms that export grow faster and stronger. Studies confirm the positive relationship between export activity and high productivity [10, 17] as well as the share of employees with higher education in total employment and the expenditure level on R&D [3] . All three features  high productivity, raised share of employees with higher education, and a high level of R&D expenditure  are characteristic of HT companies. Hence, the second objective of the present research was::
O2: To verify the hypothesis that export is a strong and important distinguishing criterion in the HTM companies in Warsaw.
The realization of this goal required the development of the characteristics of the research group, which was Warsaw's HTM sector. This analysis was also used to search for new, atypical, and specific characteristics distinguishing leading companies in the study group. The result is a characterization of the HT Warsaw sector with particular emphasis on the role and importance of exports.
Research methodology
Identification and descriptive characteristics of the HTM population in Warsaw is addressed in the fourth stage of the research, which has been in progress from 2013 to 2015. Table 1 presents the most important elements of the successive stages of the research: aims, data sources, methodology used, and main findings.
The initial purpose of the research was to provide material for the description of the Warsaw HT population. However, the study revealed a major difficulty in identifying HT entities. Therefore, the first step was to identify HT companies from among other business entities registered in Warsaw. The basic criterion for qualifying HT companies, which is based on the PKD declared by the companies, was recognized as not reliable. Therefore, the need arose to define a new method that would provide an unequivocal answer to the question that which companies should and should not be regarded as HT. A hybrid method was proposed, which combined the data from GUS, ZUS, and information available online [27] . Abbreviations: PKD: Polish Classification of (business) Activity (NACE codes), GUS: National Office of Statistics, ZUS: Social Insurance Institution, CAAC: Analytical Centre of Customs Office, website_2stud:y the second round of the screening of the companies' websites. The second step aimed at characterizing the HT sector (137 entities) using analytical methods enriched by the data obtained from companies' websites [23] .
The goal of the third step was to differentiate it from other sectors, and to find the features that distinguish it [24] . In the course of the research, being an exporter company was indicated as one of the strongest features characterizing the population of the HT group of companies. The fourth stage of the research was dedicated to exporters.
At this stage of the research, in addition to the sources of information previously used, a new source of data was used. The Analytical Centre of Customs Office (CAAC) has provided information on exporters among Warsaw companies in 2012. Nine new attributes supplied information about the range of export value, the main destination of exports, and the number and directions of export destinations. Moreover, with this information, it was possible to extract the companies that exported HT products, and to identify which part in their exports these products represented. The second round of screening of the companies' websites was undertaken in order to discover new features common to the analyzed population: HTME. The classification of attributes used in the study follows the structure shown in Table 2 .
With regard to export data obtained from CAAC, one of the attributes required additional explanation: EKSPORT_12, which provides additional information rather than only the range of the export value. The special value "Z" indicates that a company exported goods during one or more of the years from 2008 to 2011, but it did not export any goods in 2012. In this case, the exporter was referred to as "inactive" and was not selected for further analysis.
The other values of the attribute vary from "A" to "J," and refer to the company's export value in 2012. 5 Detailed data are shown in Table 3 .
In 2012, "micro exporters" exported up to 1 million PLN (ca. 240 thousand Euros); "small exporters," up to 8 million PLN (ca. 2 MEUR); "medium exporters" up to 64 million PLN (ca. 15,3 MEUR); and those referred to as "big exporters" exported above 64 million PLN. The highest "J" value indicates that the company exceeded 256 million PLN in exports in 2012 (ca. 61 MEUR).
The first step was to identify the HTME research group. The Warsaw population of 137 HTMs was compiled with the population of exporters (16, 241 entities) operating in Warsaw as well. It appeared that 110 of the 137 HT entities selected were amongst the companies that showed exports in the period considered. Among them, 61 (55%) have a "Z" value and have been considered as inactive exporters. The type of exported products in the remaining group of 49 companies has been verified and 12 of them did not export any HT products. Hence, the final number of firms that are both HT manufacturers and HT exporters has been identified as 37. This group of the selected 37 HTME comprises the subject of this study.
Classification and segmentation characteristics of the HT population Stage 1-2 of The Research Method
The research undertaken in Stages 1 and 2 (Table 1) led to the development of characteristics of the Warsaw HT population. The results of this analysis is illustrated in Table 4 . The most general description of the Warsaw HT companies is as follows:  more than 75% of the sector comprises companies manufacturing electronic products (77%), with the main groups including manufacture of measuring, control and navigational instruments and equipment,  half of the sector (50%) consists of commercial law companies (joint-stock companies or limited liability companies),  micro-companies are dominating (up to 9 employees),  companies are located in the whole region of Warsaw, mainly in Ursynów, Wola, and Wawer,  dominating ownership type is ownership of domestic natural persons; foreign capital share is limited and includes less than 10% of companies,  the majority of companies are active on the Internet and maintain websites in foreign languages; however, they do not maintain any social networking service accounts,  the majority of companies (72%) describe themselves as innovative,  companies strongly prefer B2B (business-tobusiness) than B2C (business-to-customer) type of sale,  companies have certificates, but only 1/3 of them cooperate with science centers and only few (14%) have their own patents, and  they are developing companies  active in exporting and recruitment of new employees searching for new employees.
Stage 3 of The Research Method
An in-depth analysis suggests that HT businesses differ from other companies with respect to the following features: conducting B2B activity, export activity, and searching for new employees. Certain ambiguity arose with respect to some activities related to science: cooperation with research centers, patents, and obtaining certification. On the one hand, these seem to be the most important features of HT companies; on the other hand, the number of companies that confirm that they conduct this type of activity is relatively low. To verify those assumptions, a segmentation analysis of the set was performed (Stage 3, Table 1 ) using two analytical methods:
(1) Ward's clustering method by means of which three segments were identified, and (2) Kohonen's self-organizing map (SOM) where four segments were identified. Segmentation carried out by these two different methods confirmed that there is considerable variation between the criteria distinguishing particular subgroups of entities within the HT population.
Segmentation by Ward's method produced a visible gradation of companies in terms of their export activity and scientific activity understood as: patenting, obtaining certification, and cooperation in the field of research (or running own laboratories). On the basis of this segmentation, two growth segments were distinguished: the exporting companies and the scientifically active companies (the segments differ in their level of development). The third segment includes companies that maintain their status quo rather than develop.
Using the self-organizing map, four segments were distinguished. This type of segmentation also distinguished between companies with a lower and a higher level of export and scientific activity. However, this description was enriched by adding new distinctive features. Thus, Segment 1a includes companies that are active in export and scientific research, but did not hold patents. Segment 3a, on the other hand, comprises companies that are active in export and hold patents. Segment 4a, whose characteristics are very similar to Segment 1a, has the biggest foreign capital share of all groups. Segment 2a, whose specification is similar to that of Segment 3a based on cluster analysis, does not compare favorably with other segments. It contains companies that currently do not have many features conducive to development. In summary of the obtained results, it should be concluded that the strongest criteria differentiating Warsaw HT companies are, in the order of importance:  export activity,  scientific activity, understood as: obtaining certification, cooperation with research centers (or running own laboratory), or holding patents,  searching for and employing new workers,  share of foreign capital in the form of ownership, and  preference to B2B sale over B2C sale. In addition, the segmentation of enriched data has made it possible to specify the characteristics of Segment 1a as follows (Table 5) The segmentation of the enriched data showed the interesting group as a complete new one. This is a segment 5 of the characteristics indicate companies with great development potential (Table 6 ). They are usually limited liability companies (FP = 17), and are characterized by:
 high level of hiring new employees (PRACOW = 1),  offering products and services in the B2B model (B2B = 1),  almost complete absence of the occurrence of the B2C model (B2C = 0), and  compatibility of business activities with the declared PKD group (Zg_PKD = 1).
In view of the obtained and confirmed analysis results, the research group for further analysis was selected. Taking into account the repeatability of the segmentation analysis results, the HT exporters group was indicated. 
Stage 4 of research method
The analysis of the HTME group will be divided into parts corresponding to the data sources. In Table 7 , the results of the first part of the analysis, based on information from GUS and ZUS, are shown. Table 7 . Distribution of attributes characterizing HTME (within GUS/ZUS datasets) (source: authors' research) There are four types of businesses that dominate among the HTME entities: manufacturers of instruments and appliances for measuring, testing and navigation (9 entities); manufactures of computers and peripheral equipment; manufacturers of pharmaceutical preparations; and manufacturers of electronic components. This structure is similar to that of the HT manufacturers category, although it is worth noting the absence of aircraft and aerospace industries in the HTME group. As many as 26 out of 37 (70%) HTME entities have chosen the legal form of a corporation (stock corp. or limited liability company), while in the HT group, this share is also high, but reaches only 50%. Only three companies in the HTME population have foreign equity participation (two pharmaceutical companies and one electronics manufacturer), which is similar to the entire group of HT also dominated by Polish capital.
Attribute
Information about the size of employment in HTME indicates values greater than the average, but the data is not very reliable, because it refers to the situation at the time of company registration. All surveyed companies pay contributions to ZUS, which means that they are active and that they employ workers. In Table 8 , the results of the second part of the analysis, which is based on information from the first screening of the companies' websites, are shown. The HTME companies outperformed the HT group in terms of holding patents and, remarkably, in cooperation with science. The share of firms holding patents has increased from 12% (HT) to 19% (HTME) and, from 27% (HT) to 70% (HTME) in the second discussed. It shows that cooperation with science  defined as running a research laboratory, having an R&D department, or hiring scientists  is an important distinctive factor for companies that build their competitive advantage in foreign markets. This kind of cooperation may be also related to the possession of certificates, which is attributed to 80% HTME (compared to 58% in the HT group).
A comparison of the HT and HTME groups in terms of attributes obtained from the first websites' screening is shown in Figure 1 . It indicates better performance of HTME compared to HT group, which justifies further, in-depth studies of this subgroup.
In Table 9 , the results of the third part of the analysis, based on exports information from the CAAC, are shown. Among the HT products exported by HTME companies, four products clearly dominate with regard to distribution of value: electronics and telecommunications equipment, scientific instruments, and pharmaceuticals. With regard to the value of exports, the population has been divided evenly between exporters who sold goods abroad worth up to 1 million PLN in 2012 (19 companies) and those who exceeded this value (18 companies) . No HTME company sold HT products for more than 128 million PLN.
The attribute "eksporty kraj" means a country in which the largest share of a company's exports is sold. During this research, 23 countries were identified, of which 4 countries were indicated by more than one firm. Results indicated Germany: 2 times, UK: 3 times, and Russia and the Ukraine: 5 times each. This means that in the HTME population there is a significant group of companies (10 entities), whose primary foreign trade partners are Russia or Ukraine. The other 10 entities indicated EU countries as the primary destinations for their exports.
On the other hand, 22 companies (60%) did not export to the EU at all.
With regard to the number of countries being export destinations, 22 companies exported to up to 10 countries, but the record holder showed as many as 57 countries as its export destinations (the company sells industrial measurement and control equipment).
The last indicator (E_HT/E %) reflects the percentage of HT products in the total value of export. For 12 firms (1/3 of HTME), HT products represented 100% of the exports. For 2/3 of them, HT products represented at least 50% of the export value.
While screening HTME websites, two additional attributes of the group were identified (Table 10 ). The first concerns the cooperation with science. The attribute "research-oriented" characterizes companies that were established based on scientific institutes cooperating with them, running their own scientific labs, or entities founded by (former) scientists.
The second attribute "Successor" characterizes entities that continue the tradition of the former state companies or institutions, established long before the Polish economy transformation in 1989. The analysis shows that the so-defined HTME subgroup is relatively significant and particularly interesting
The results of the last part of the study showed that 59% of HTME companies have close relationships with the world of science, and every fourth entity was founded on the basis of old state-owned enterprises or institutes
Summary
In this paper, two aims of the performed analysis were defined. Below are the most important conclusions and summaries
O1: Preparation of the classification characteristics of the Warsaw population of HTM companies.
To sum up the findings of the study, we can conclude that the HTMs based in Warsaw are mainly producers of electronic products and especially of measuring, control, and navigational instruments and equipment. In this group, the micro-companies are leading (up to 9 employees). They consist of commercial law companies (joint-stock companies or limited liability companies). The leading ownership type is the ownership of domestic natural persons. The majority of companies are active on the Internet and they maintain websites in foreign languages. However, they do not maintain any social networking service accounts. They describe themselves as innovative and strongly prefer B2B than B2C type of sale. Companies often have certificates but rarely cooperate with science centers and even more rarely have patents. Therefore, HTMs are developing by being active in export and searching for new employees
The characteristics of HTME subgroups are similar, but they enhance and highlight the most important features of the entire HT population. HTME manufacturers are mainly producers of pharmaceuticals, electronics, and electronic components. They sell exclusively to other business entities (B2B type of transaction). Their legal status is more frequently corporate; their size is larger (in terms of employment). They show strong cooperation with science, including certificates or patent holdings. It is worth noting that their export destination to the East is more popular than to the West, and this tendency includes the highest value exports as well.
O2: To verify the hypothesis that export is strong and important distinguish criterion in the Warsaw population of manufacturing companies HT.
As shown in Figure 1 , the HTME group strengthens the key values of the factors distinguishing the HT companies. These include such features as: having active websites in Polish and foreign languages, leading sales in the B2B model, looking for and employing new workers, having certificates, and being innovative. But most important is that the HTME companies outperformed the HT group in terms of holding patents and, remarkably, in cooperation with science. This shows that cooperation with science  defined as running a research laboratory, having an R&D department, or hiring scientists  is an important distinctive factor for companies that build their competitive advantage in foreign markets. This kind of cooperation may be also related to the possession of certificates, which is much higher in the HTME than within the entire HT group. All of these features confirm the defined hypothesis.
Segment 1 was analyzed at Stage 4 of the research method. It was HTME group. There was omitted the second also highlighted segment 5. Its characteristics include a high level of hiring new employees and offering products and services in the B2B model only. This is another interesting group that can be further researched in the HT population.
In order to confirm the observed insights and trends, it will be necessary to redo the analysis on updated data and make comparisons. Long-term conclusions could contribute to increased awareness about the Polish HT population, thereby increasing the effectiveness of methods dedicated for their development.
